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Abstract 
 
 
Background: Recently, the ventricular torsional parameters have received special attention 
because of their significant role in the ventricular systolic and diastolic function.  Right 
ventricular (RV) rotational deformation is a sensitive index for RV performance but difficult 
to measure. Having assumed RV as a conic shape, the present study serves a novel formula of 
right ventricular rotation that uses velocity vector imaging (VVI) for quantifying RV. 
 
 
Method: After a clinical standard echocardiographic examination, the RV cross section was 
made as hemi ellipse as possible.  After storing optimal 2D images from basal and apical RV 
short axis views, offline VVI analysis was performed using X-Strain software. We calculated 
right ventricular rotation by integrating the rotational velocity, determined from VVI  global 
velocities of the septal and free wall regions of the RV, and correcting for the RV  diameters 
a(t) and b(t) as hemi ellipse over time. Data used included: global velocities and rotational 
velocities of referred regions 1, 2, 3 (as septum) and 4 (as RV free wall) respectively. "a" sub 
0 and "b" sub 0 are end diastolic diameters of ellipse. 
 
Result: The numerical calculations showed that RV rotated with basal and apical RV rotation 
of +0.75±1.2 degree and -2.2±2.7 degree, respectively (p<0.001), and resulting twist rate of 
2.95± 3.9 degree.  
Conclusion: The present study has shown that VVI can quantify RV rotational deformation 
over time. This novel mathematical/numerical method may facilitate noninvasive 
quantification of RV twist / torsion in clinical and research settings. 
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Introduction: 
 
 
Previously, the right ventricle (RV) was called "the forgotten chamber", but since the 
recognition of the importance of the RV function in the clinical outcomes of such a wide 
range of conditions as pulmonary hypertension and congenital heart disease, special 
significance has been granted to the evaluation of its function (1). The complex geometry of 
the RV, however, renders the assessment of its size and function extremely challenging. 
Indeed, studying the relation between the RV structure and function is often likened to 
peeling an onion. New methods and models may have enabled us to explore the complex 
organization of the RV layers and fibers as well as its global chamber geometry and regional 
stresses and strains, but the input data for such analysis is still derived from the basic 
knowledge of muscle anatomy through painstaking dissection. 
 
The RV systolic function is frequently assessed qualitatively. Although several parameters 
have been used for the quantitative assessment of the RV, each parameter still presents 
difficulties that need to be overcome (2-7). Various imaging modalities are utilized to study 
and characterize this anatomically complex cardiac chamber. Cardiac magnetic resonance 
imaging has become the reference method for the quantitative assessment of the RV size and 
systolic function. Nonetheless, it is an expensive method and many centers still draw on 
echocardiography for the RV systolic function assessment. Relatively newer methods such as 
strain and strain rate values and two-dimensional (2D) speckle tracking have been studied in 
a number of conditions. The torsion/twist of the left ventricle, defined as the wringing motion 
of the heart around its long axis, has been suggested as a sensitive marker of the cardiac 
performance. Recent studies have demonstrated the value of 2D speckle tracking and velocity 
vector imaging (VVI) as an advanced echocardiographic method in the evaluation of 
myocardial rotation and twist, but there is a paucity of information on the RV torsional 
parameters in the existing literature (7-13).  
The purpose of the present study was to introduce a novel formula for the estimation of the 
basal and apical RV rotation using VVI and modeling the RV as a hemi ellipsoid. 
 
 
 
 
1 
Method: 
 
RV geometrical shape assumption: 
The RV fiber anatomy can be geometrically modeled as a conic when viewed from the side 
and a crescent in the cross-sectional views. Therefore, the RV cross-sectional images were 
obtained by an expert echocardiologist to make the RV as hemi-elliptically as possible. 
Right ventricular adaptation cone model with RV anatomy: 
RV cone assumed shape compared with MRI scans: 
 
RV cone assumed shape compared with echocardiographic imaging (Fig. 1,2,3 and 4): 
 
 
 
Figure 1: A) Open cut macroscopic view of heart in four-chamber view depicts thin-walled right ventricle, 
compared with left one and its heavy trabeculation. B) This panel depicts in simplistic fashion the subepicardial 
myofibres in the ventricles of the normal heart and this shows RV as a conic shape. ( C and D) Short axis views 
at the level of papillary muscles and hemi ellipse shapes of RV cross sections. 
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Figure 2: End-diastolic HLA MRI scans demonstrate the 1 major right ventricular shape : conic shaped RVs.  
 
 
 
Figure 3: RV in short axis view at the level of papillary muscles as hemi ellipses in MR image. 
 
 
 
Figure 4: Vector velocity imaging has been applied on basal and apical short axis views: Endocardial borders 
with arrows showing the local directions of border motions.  
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Right ventricular rotation: 
Having assumed the RV as a conic shape, we provided a novel formula for the RV rotation 
that uses VVI for the RV quantification.  
After a clinical standard echocardiographic examination, the RV cross-section was made as 
elliptically as possible. Optimal 2D images from the parasternal short-axis view at the levels 
of the based, papillary muscles and apical for VVI analysis were recorded via 
electrocardiogram synchronization. We verify that we had IRB protocol approval for the use of the 
patient images. After storing optimal 2D images, VVI offline analysis was performed using X-
Strain software (Figure 4). The RV rotation was calculated by integrating the rotational 
velocity, determined via VVI. The global velocities (the resultant of velocity components) of 
the septal and free wall regions of the RV were corrected for the RV diameters, a(t) and b(t), 
as an ellipse over time (Figure 5). The data used included the global velocities and rotational 
velocities of regions 1, 2, 3 (the septum), and 4 (the RV free wall) (Figure 5), respectively 
(10-18). 
 
 
Figure 5: (A schematic figure of short axis view) For each short axis views at different levels (Base and apical 
RV), we divided RV crossed section that is as a hemi ellipse to four regions 1,2,3(as septum) and 4 (as RV free 
wall) which are used for RV rotational calculation in MATLAB software. 
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Result: 
 
Right ventricular rotational velocity (        , Rad/s) and rotation by echocardiographic 
velocity data sets:  
           (degree/s) is estimated in each basal and apical RV from four points of tissue 
velocity data on the septum and RV free wall: 1,2,3 and 4 regions (Figure 5) to measure 
global velocity and rotational velocity.            is estimated from averaged global velocity 
corrected with r (t), as follows: 
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Where      ,       ,       and        are global myocardial velocities at (4),(2), (1) and (3) 
regions, and           ,           ,           and           are rotational velocities at (4), (2), 
(1) and (3) regions.    and    are end diastolic diameters. RV rotation (degrees) was 
calculated as follows: 
Eq.  5                                                     ∫             
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Where the integration is carried from end diastole to end systole (     
The velocity data sets of the four regions detected by Velocity vector imaging (VVI) at the 
basal and apical levels were then transferred to a spreadsheet program for averaging and 
calculation of             . At least three consecutive cardiac cycles were averaged for these 
calculations (19-25). 
 
Conclusion: 
 
Right ventricular rotation is a critical aspect of cardiac biomechanics, although it has been 
difficult to measure. Our novel formula enables us to assess the RV twisty deformation  using  
VVI. As the VVI data is obtained from relatively high-resolution two-dimensional images, 
the twisty velocity profile by the VVI is strongly comparable with those by the DTI method, 
which was derived from primary detected velocity data with higher temporal resolution but 
with intrinsic directionality constraints common to all Doppler techniques.  
This novel method may promote noninvasive serial evaluations of the RV rotational behavior 
in clinical settings and provide unique and valuable information to patients with heart disease.  
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